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(57) ABSTRACT 

Data output from a Semiconductor device under test and a 
reference clock output therefrom in Synchronization with the 
data are sampled by Slightly phased-apart multiphase Strobe 
pulses. The phases of points of change of the output data and 
the reference clock are obtained from the Sampled outputs, 
then the phase difference between them is measured, and a 
check is made to determine if the phase difference falls 
within a predetermined range, thereby evaluating the Semi 
conductor device under test on a pass/fail basis. 

24 Claims, 19 Drawing Sheets 
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METHOD AND APPARATUS FOR TESTING 
SEMCONDUCTOR DEVICES 

BACKGROUND OF THE INVENTION 

The present invention relates to a Semiconductor device 
testing method and apparatus Suitable for use in testing 
Semiconductor devices that have built-in fast write and read 
type memories. 

Before entering into an explanation of the prior art to 
which the present invention pertains, a description will be 
given, with reference to FIG. 1, of the general outlines of a 
Semiconductor IC tester. 

The IC tester, identified generally by TES, comprises a 
main controller 13, a pattern generator 14, a timing genera 
tor 15, a waveform formatter 16, a logic comparator 12, a 
driver 17, a Signal readout circuit 11, a failure analysis 
memory 18, a logical amplitude reference Voltage Source 19, 
a comparison reference Voltage Source 21 and a device 
power Source 22. 

The main controller 13 is usually formed by a computer 
System and operates under the control of a test program 
prepared by a user, mainly controlling the pattern generator 
14 and the timing generator 15. The pattern generator 14 
generates test pattern data, which is converted by the wave 
form formatter 16 to a test pattern signal of the same 
waveform as the actual one. The test pattern Signal is 
provided to the driver 17 from which it is output as a 
waveform of an amplitude value Set in the logical amplitude 
reference Voltage Source 19 and is applied to a memory 
under test DUT for storage therein. 
A response Signal read out of a memory cell of the 

semiconductor device under test DUT is provided to the 
Signal readout circuit 11, wherein its logical value is read 
out, that is, Sampled by a Strobe pulse. The logic comparator 
12 compares the thus read-out logical value with an 
expected value fed from the pattern generator 14. If a 
mismatch is found between the logic value and the 
expectation, it is decided that a memory cell of the address 
from which the response Signal was read out is failing, and 
upon each occurrence of Such a failure, the faulty address is 
Stored in the failure analysis memory 18 for use in deciding, 
after completion of the test, whether the failed cell is 
repairable. 

FIG. 1 is a diagrammatic showing of the tester configu 
ration for one pin alone, but in practice the depicted con 
figuration is provided for each pin of the memory DUT; that 
is, for each pin the test pattern is input to the memory DUT 
and the response Signal is read out therefrom. 
Among Semiconductor memories is a memory 

(hereinafter referred to also as a Semiconductor device)of the 
type that performs the writing and reading of data thereto 
and therefrom in Synchronization with a clock. 

FIG. 2 shows how this kind of memory is read out. FIG. 
2A depicts pieces of data DA, DB, DC, ... that are output 
from (a pin of) memory, respective test cycles TD1, TD2, 
TD3, ... being divided off by broken lines. FIG. 2B shows 
a clock DQS that is output from the memory. As shown, the 
pieces of data DA, DB, DC, ... are output from the memory 
in synchronization with the clock DOS. When the semicon 
ductor IC is in actual use, the clock is used as a Sync signal 
(data strobe) to pass the pieces of data DA, DB, DC, ... to 
other circuits. 

The testing the Semiconductor device of this kind includes 
an item of measuring time difference or intervals (phase 
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2 
differences) dI1, dI2, dI3, ... between the rise and fall timing 
of the clock (hereinafter referred to as a reference clock) 
DOS and the points of change of the data. The smaller the 
time differences, the faster the response and consequently 
the higher the level of performance characteristic. In other 
words, the grade of the memory under test depends on the 
above-mentioned time differences. 

While the semiconductor device (memory) is in actual 
use, a clock from a clock Source is applied to a circuit in the 
Semiconductor device, from which data is output in Syn 
chronization with the clock. Accordingly, in the testing of 
the Semiconductor device by the tester, too, a clock is fed 
from the tester to the Semiconductor device under test and is 
passed through its internal circuit, thereafter being output 
therefrom, together with data, as the reference clock DQS 
for providing the output data to the tester. The tester mea 
Sures the rise and fall timing of the reference clock DOS and 
the time intervals dI1, dI2, dI3, ... between the measured 
timing of the rise and fall of the reference clock DOS and the 
points of change of the pieces of data DA, DB, DC, . . . 

Since the reference clock DQS is output from the semi 
conductor device under test after passing through its inside 
as mentioned above, the rise and fall timing of the reference 
clock DQS is greatly affected by internal circuit operations 
of the Semiconductor device under test and environmental 
conditions Such as ambient temperature. For example, as 
depicted in FIG. 3 in which there are shown reference clock 
pulses DQSA, DOSB and DQSC that are output from 
individual Semiconductor devices under test A, B and C, the 
reference clock pulses DQSA, DOSB and DQSC are phased 
apart. This phase difference is caused not only by device 
to-device variation but also by the difference in the memory 
address accessed in the respective Semiconductor device and 
by jitter J of the rise and fall timing of each reference clock 
that is caused by an increase in the device temperature due 
to an extended period of operation as indicated by the broken 
lines. 

With the point of measurement set at timing with too wide 
a margin of Safety against Such variations or fluctuations in 
performance characteristics of the devices under test, there 
is fear of a device of normal operation being decided as 
defective; the possibility of Such a wrong decision gets 
Stronger particularly with an increase in the operating fre 
quency of the device. 

Accordingly, it is necessary to accurately measure the 
time intervals dI1, dI2, dI3, . . . between the rise and fall 
timing of the reference clock DQS and the points of change 
of the pieces of data DA, DB, DC, ... This requires accurate 
measurement of the rise and fall timing of the reference 
clock DOS. 
To this end, it is customary in the prior art to measure the 

rise and fall timing of the reference clock DQS while 
gradually shifting the timing for the application of the Strobe 
pulse to the Signal readout circuit of the tester, the measure 
ment results being used to measure the time intervals dI1, 
dI2, dI3, . . . . 

FIG. 4 is a block diagram depicting a conventional 
arrangement for measuring the rise and fall timing of the 
reference clock DOS. A level comparator 10 comprises a 
pair of voltage comparators CP1 and CP2, by which it is 
decided whether the logical value of the reference clock 
DQS output from the semiconductor device DUT satisfies 
normal voltage conditions. The Voltage comparator CP1 
decides whether the voltage value of the logical “H” value 
of the reference clock DQS is above a normal voltage value 
VOH. The voltage comparator CP2 decides whether the 



US 6,789,224 B2 
3 

voltage value of the logical “L” value of the reference clock 
DOS is below a normal voltage value VOL. 

These decision results are provided to the Signal readout 
circuit 11, which measures the rise and fall timing of the 
reference clock DOS. Upon each application thereto of the 
strobe pulse STB, the signal readout circuit 11 reads out the 
logical value input at that time. 

FIG. 5A shows the reference clock DQS that is provided 
for each test cycle TD. FIG. 5B shows strobe pulses STB 
that are applied to the Signal readout circuit 11 over a 
sequence of test cycles TD. The strobe pulses STB are 
phased tT apart with respect to the reference clock DQS as 
depicted in FIG. 5B. That is, for each test cycle the strobe 
pulse STB is applied to the signal readout circuit 11 to read 
out (sample) the outputs from the Voltage comparators CP1 
and CP2. The output-side arrangement of the Voltage com 
parator CP2, though not shown in FIG. 4, is identical with 
the depicted arrangement of the Voltage comparator CP1. 

The logic comparator 12 compares the logical value 
output from the Signal readout circuit 11 with a predeter 
mined expected value (in the FIG. 4 example, the logical 
“H” value) and, upon matching, outputs a pass signal PA 
(FIG. 5C) indicating that the device under test or memory 
cell is nondefective. Based on the generation timing of the 
strobe pulse STB1 (FIG. 5B) (the generation timing of the 
strobe pulse STB being known) to which the signal readout 
circuit 11 responded to read out the reversal of the output 
from the level comparator 10 to the logical “H” value, the 
time T1 from the beginning of the test cycle to the generation 
of the strobe pulse STB1 is detected, and the rise timing of 
the reference clock DQS is determined accordingly. 

The fall timing of the reference clock DOS is detected by 
starting the retrieval after the reference clock DQS rose to 
the logical “H” Value and then by determining, as is the case 
with the detection of the rise timing, the fall timing based on 
the generation timing of the strobe pulse STB to which the 
Signal readout circuit 11 responded to read out the reversal 
of the output from the Voltage comparator CP2 to the logical 
“H” value. 

AS described above, it is conventional to measure the 
generation timing of the reference clock DQS by the use of 
the Signal readout circuit 11 built in the Semiconductor 
device tester and the timing measuring means that utilizes 
the strobe pulse STB which is applied to the signal readout 
circuit 11. Accordingly, the test cycle TD needs to be 
repeated for measuring only the rise and fall timing of the 
reference clock DOS, resulting in much time being taken to 
measure the time intervals dI1, dI2, dI3, . . . . 

Furthermore, the rise and fall timing of the reference 
clock DOS must be measured for all addresses of the 
memory under test, and in order to exclude the influence of 
the afore-mentioned jitter by an increase in the device 
temperature, the measurement of the rise and fall timing of 
the reference clock DOS needs to be made for all test 
patterns involved and hence is particularly time-consuming. 

It is possible that the time for measuring the rise and fall 
timing of the reference clock DQS is shortened by widening 
the phase difference tT between respective the strobe pulses 
STB to thereby decrease the number of times the test cycle 
is repeated, but Such widening of the phase difference tT 
reduces the accuracy of measurement of the rise and fall 
timing of the reference clock DOS, resulting in an impair 
ment in the reliability of measured values of the time 
intervals dI1, dI2, dI3, ... between the reference clock DOS 
and the points of change of the pieces of data DA, DB, DC, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a Semiconductor device testing method and apparatus that 
permit fast, accurate measurement of rising and falling 
transition points or timing of the reference clock. 

Another object of the present invention is to provide a 
Semiconductor device testing method and apparatus that 
require the one-time-only generation of all test patterns and 
hence are capable of conducting a pass/fail test on Semicon 
ductor devices in a short time and with higher accuracy. 
The Semiconductor device testing method according to 

the present invention is to evaluate a device under test in 
accordance with the phase differences (time differences) 
between the points of change of respective pieces of data 
output from the device under test and the points of change 
(rising or falling transition points) of a reference clock 
output from the device under test in Synchronization with the 
output data from the device under test. Multiphase pulses are 
generated which are Sequentially phased apart little by little 
with respect to a predetermined phase position of each test 
cycle, and the multiphase pulses are used as Strobe pulses to 
Sample the reference clock and the phases of the change 
points of the reference clock are detected from the Sampled 
outputs. 

According to an aspect of this invention method, the 
detected phases of the points of change of the reference 
clock are converted to the corresponding phase numbers of 
the multiphase pulses and Stored in a memory, from which 
they are read out to make the evaluation of the device under 
test based on the above-mentioned phase differences. 
The phase detection of the change points of the reference 

clocks and the conversion of the detected phases to the 
corresponding phase numbers are carried out for all 
addresses of the device under test, and the converted phase 
numbers are Stored in the memory at the addresses corre 
sponding to those of the device under test. The above 
mentioned phase differences are obtained by reading out the 
phase numbers from the memory at the addresses corre 
sponding to Signals to be applied to the device under test. 

Alternatively, the detection of the phases of the points of 
changes of the reference clocks and the conversion of the 
detected phases to the phase numbers are performed in the 
order of generating test patterns that are applied to the device 
under test at the time of its evaluation. The converted phase 
numbers are Stored in the memory at addresses representing 
the order of generation of the test patterns, and the above 
mentioned phase differences are obtained by reading out the 
phase numbers from the memory at the addresses indicating 
the order of generation of the test patterns. 
At the timing preset corresponding to the phase numbers 

read out of the memory, a Strobe pulse is generated, and at 
the timing of this Strobe pulse, the logical value of the output 
data from the device under test is read out to obtain the 
above-mentioned phase differences for the evaluation of the 
device under test. 

According to another aspect of this invention method, the 
output data from the device under test is Sampled by Strobe 
pulses formed by the multiphase pulses, then the phases of 
the points of change of the output data, that is, the phases of 
the rise or fall transition points of the data are detected using 
the sampled outputs by the multiphase Strobe pulses, and the 
positions of these detected points of change of the output 
data are converted to the phase numbers of the multiphase 
pulses, respectively. The phase numbers of the points of 
change of the device output data and the phase numbers of 
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the points of change of the reference clock are used to make 
a check to determine if the phase differences between these 
points of changes of the device output data and the reference 
clock are within a predetermined range, thereby evaluating 
the device under test on a pass/fail basis. 

The testing apparatus according to the present invention is 
an apparatus which evaluates a device under test in accor 
dance with the phase differences (time differences) between 
the points of change of respective pieces of data output from 
the device under test and the points of change (rising or 
falling transition points) of a reference clock output from the 
device under test in Synchronization with the output data 
from the device under test. Strobe pulses formed by mul 
tiphase pulses, which are Sequentially phased apart little by 
little, are generated by a multiphase pulse generating means. 
The reference clock output from the device under test is 
Sampled by the respective Strobe pulses in a plurality of 
reference Signal readout circuits, whose outputs are provided 
to reference phase number output means, from which the 
phase numbers of Strobe pulses immediately following the 
points of change of the reference clock are output their 
phases. 

According to an aspect of this invention apparatus, the 
phase numbers output from the reference phase number 
output means are Stored in a memory at addresses corre 
sponding to address Signals applied to the device under test. 
The phase numbers read out of the memory at the addresses 
corresponding to the address Signals applied to the device 
under test are each used to Select predetermined Strobe pulse 
generation timing by a timing Selector, and at the Selected 
timing a Strobe pulse is generated by a Strobe pulse genera 
tor. The Strobe pulse is applied to a data readout circuit to 
read out the logical value of the device output data. 

Alternatively, the phase numbers output from the refer 
ence phase number output means are Stored in a memory at 
addresses representing the order of generation of test pat 
terns applied to the device under test. The phase numbers 
read out of the memory at Such addresses are each used to 
Select predetermined Strobe pulse generation timing by the 
timing Selector, and at the Selected timing a Strobe pulse is 
generated by the Strobe pulse generator. The Strobe pulse is 
applied to the data readout circuit to read out the logical 
value of the device output data. 

According to another aspect of this invention apparatus, 
plural data Signal readout circuit groups, each consisting of 
plural data Signal readout circuits, are provided for each 
piece of output data from the device under test, and in the 
plural data Signal readout circuits of each group the device 
output data is Sampled by the multiphase Strobe pulses 
corresponding thereto. The outputs from the plural data 
Signal readout circuits for each group are provided to data 
phase number output means, from which are output the 
phase numbers of the Strobe pulses immediately after the 
points of change of the output data. The respective phase 
numbers output from the respective data phase number 
output means and the phase numbers from the reference 
phase number output means are provided to a pass/fail 
results output part, from which is output a decision result as 
to whether the phase differences between the points of 
change of the output data and the reference clock fall within 
a predetermined range. 

In the pass/fail results output part the difference between 
the phase number from the reference number output means 
and the phase number from each data phase number output 
means is detected as a phase difference in a phase compari 
Son part, and a check is made in a pass/fail decision part to 
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6 
determine if these phase differences fall within the prede 
termined range. 

In the pass/fail results output part, for example, the phase 
number from the reference phase number output means is 
input to one address of plural reference tables and each 
phase number from each data phase number output means is 
input to the other address of the corresponding reference 
tables. From the respective reference tables are output 
pass/fail results indicating whether the phase differences 
between the points of change of the reference clock and the 
respective pieces of output data fall within the predeter 
mined range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram for explaining the general 
outlines of a conventional Semiconductor device tester; 

FIG. 2 is a timing chart for explaining the operation of a 
Semiconductor device under test that generates a reference 
clock in Synchronization with data read out therefrom; 

FIG. 3 is a timing chart for explaining how jitter is caused 
in the reference clock that is output from the Semiconductor 
device; 

FIG. 4 is a block diagram for explaining a level compara 
tor and a Signal readout circuit built in the Semiconductor 
device tester to make a pass/fail decision on a read-out Signal 
from the device under test; 

FIG. 5 is a timing chart for explaining how to measure the 
generation timing of the read-out signal in the conventional 
semiconductor device tester depicted in FIG. 1; 

FIG. 6 is a block diagram illustrating the principal part of 
a tester according to an embodiment of the present inven 
tion; 

FIG. 7 is a timing chart for explaining the detection of a 
rising transition point of the reference clock in the tester of 
FIG. 6; 

FIG. 8 is a timing chart for explaining the detection of a 
falling transition point of the reference clock in the tester of 
FIG. 6; 

FIG. 9 is a block diagram depicting in block form 
concrete examples of a level comparator 10, a signal readout 
circuit 11 and comparison/decision means PF4 built in the 
tester of FIG. 6; 

FIG. 10 is a diagram for explaining the operation of phase 
number converting means 31 in FIG. 6; 

FIG. 11 is a block diagram depicting a concrete example 
of a timing selector 33 in FIG. 6; 

FIG. 12 is a block diagram showing a modified form of a 
multiphase pulse generator 30 in FIG. 6; 

FIG. 13 is a block diagram illustrating the principal part 
of another embodiment of the present invention; 

FIG. 14 is a diagram for explaining the operation of phase 
number converting means 31D in FIG. 13; 

FIG. 15 is a block diagram depicting a concrete example 
of each phase comparison part 60 in FIG. 13; 

FIG. 16 is a timing chart for explaining the operation of 
the phase comparison part 60 shown in FIG. 15; 

FIG. 17 is another timing chart for explaining the opera 
tion of the phase difference detecting part 60 in FIG. 15; 

FIG. 18 is a block diagram depicting a concrete example 
of pass/fail decision means 70 in FIG. 13; 

FIG. 19 is a block diagram illustrating the principal part 
of still another embodiment of the present invention; 

FIG. 20A is an example of a table showing differences 
between the data phase number and the reference phase 
number; 
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FIG. 20B is a diagram showing, by way of example, 
stored contents of a reference table 80 in FIG. 19, 

FIG. 21 is a lock diagram illustrating a modified form of 
the FIG. 6 embodiment; and 

FIG. 22 is a diagram depicting a modified form of phase 
number output means 10 in FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 6 illustrates in block form the principal part of the 
Semiconductor device tester that embodies the testing 
method according to the present invention. The Semicon 
ductor device tester comprises: a level comparator 10 for 
making a decision on the logical value of the reference clock 
DQS output from the semiconductor device DUT, a mul 
tiphase generator 30; a plurality of Signal readout circuits 
TC1, TC2, TC3, . . . ; a plurality of comparison/decision 
means PF1, PF2, PF3, . . . ; phase number converting means 
31 by which the points of change of decision results by the 
comparison/decision means PF1, PF2, PF3, . . . are con 
verted to the phase numbers of multiphase pulses, a memory 
32 for Storing the phase numbers, a timing Selector 33 
which, based on the phase number read out of the memory 
33, Selectively outputs the generation timing of the Strobe 
pulse STB, and a Strobe pulse generator 34 for generating 
the strobe pulse STB at the timing selected by the timing 
Selector 33. 

The multiphase pulse generator 30 in this embodiment is 
shown to be formed by a plurality of delay elements DT1, 
DY2, DY3, . . . having their delay times set at slightly 
different values. By providing a time difference of, for 
example, 100 picoseconds (hereinafter referred to as PS) 
between the delay times of the delay elements DY1, DY2, 
DY3, . . . , it is possible to generate pulses at time intervals 
of 100 PS (which pulses will hereinafter be referred to as 
multiphase pulses). 

FIG. 7A depicts an example of the reference clock DQS 
in one test cycle TD. As shown in FIG. 7B, the multiphase 
pulses P1, P2, P3, . . . are displaced, for instance, 100 PS, 
apart in phase with reference to a predetermined phase 
position (normally an initial phase position) of the test cycle 
TD. The multiphase pulses P1, P2, P3, . . . are applied to 
Strobe pulse input terminals of the Signal readout circuits 
TC1, TC2, TC3, . . . , respectively. 

To signal input terminals of the Signal readout circuit 
TC1, TC2, TC3, . . . are provided level-comparison results 
from the level comparator 10. The arrangement shown in 
FIG. 6 is intended to measure the rise timing of the reference 
clock DQS. The inputs to the signal readout circuits TC1, 
TC2, TC3, ... are sampled by the multiphase pulses P1, P2, 
P3, . . . Accordingly, the signal readout circuits TC1, TC2, 
TC3, . . . are Supplied, at their Signal input terminals, with 
the output from the Voltage comparator CP1 that compares 
the level of the reference clock DQS with the logical “H” 
value. 

In FIG. 6 there is not shown, for brevity sake, an arrange 
ment for measuring the fall timing of the reference clock 
DOS, but the arrangement is identical with that for measur 
ing the rise timing of the reference clock DOS, except that 
the output from the Voltage comparator CP2, which com 
pares the level of the reference clock DQS with the logical 
"L' value, is provided to the Signal readout circuits. 

FIGS. 7 and 8 show how to measure the rise timing and 
fall timing of the reference clock DOS, respectively. FIGS. 
7 and 8 each depict an example of the waveform of the 
reference clock DQS that is output from a reference clock 
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output pin of the semiconductor device DUT. The voltage 
comparator CP1 of the level comparator 10 is supplied with 
the comparison voltage VOH. When the level of the refer 
ence clock DQS is higher than the comparison voltage VOH, 
the voltage comparator CP1 provides the logical “H” value. 

Accordingly, when the Strobe pulse formed by one of the 
multiphase pulses is applied to the Signal readout circuit 
after outputting of the logical “H” value from the voltage 
comparator CP1, the Signal readout circuit Samples the 
logical “H” value by the strobe pulse and outputs the 
sampled logical “H” value. The outputs from the signal 
readout circuits TC1, TC2, TC3, . . . go to, for example, 0. 
0, ..., 0, 1, 1 . . . The timing at which the Sequence of O'S 
Switches to the Sequence of 1's is the timing of the Sampled 
output by the strobe pulse immediately following the rise of 
the reference clock DQS. The outputs from the signal 
readout circuits TC1, TC2, TC3, ... each indicate the rise-up 
phase of the reference clock DQS. The comparison/decision 
means PF1, PF2, PF3, ... compare an expected value (in this 
example, the logical “H” value) and the outputs from the 
signal readout circuits TC1, TC2, TC3, ..., and when they 
match, the comparison/decision means PF1, PF2, PF3, . . . 
each output the logical "H" value indicating the match. 
The comparison/decision means PF1, PF2, PF3, ... each 

further make a comparison between the result of its com 
parison with the expected value and that of the immediately 
preceding-stage comparison/decision means to which is 
provided that one of the multiphase pulses which has a lower 
phase number. When a mismatch is found between the 
decision result by the comparison/decision means of the 
immediately preceding Stage and the decision result by its 
comparison with the expected value, each comparison/ 
decision means decides that the result of its comparison is 
valid, and outputs a decision result Pindicating the validity. 
In the examples of FIGS. 7 and 8, there is shown the case 
where the comparison/decision means PF4 output the logical 
“H” value as the decision result P. When a match is found 
between the decision result of comparison by the 
comparison/decision means of the immediately preceding 
Stage and the decision result of its comparison with the 
expected value, each comparison/decision means outputs the 
logical "L' value in this example as a decision result F 
indicating that the result of its comparison is invalid. 

FIG. 9 illustrates in block form a concrete example of the 
comparison/decision means PF4, which is shown to be 
adapted for use as a circuit for measuring the fall timing of 
the reference clock DQS as well. Accordingly, a signal 
readout circuit TC4' is connected to the output of the voltage 
comparator CP2, and the multiphase pulses P4 and P4", 
shown in FIGS. 7 and 8, are provided as strobe pulses to 
Strobe pulse input terminals of the Signal readout circuits 
TC4 and TC4', respectively. 
The comparison/decision means PF4 comprises: gates G1 

and G2 for comparing the expected value EXP with the 
outputs from the signal readout circuits TC4 and TC4', 
respectively; an OR gate G3 for ORing the outputs from the 
gates G1 and G2; and a mismatch detecting gate G4 for 
detecting a mismatch between the output from the OR gate 
G3 and the decision result by the comparison/decision 
means PF3 of the immediately preceding Stage. 
The rise timing of the reference clock DQS can be 

detected by a route composed of the Voltage comparator 
CP1, the signal readout circuit TC4, the gate G1, the OR gate 
G3 and the mismatch detecting gate G4. The logical “H” 
value is provided as the expected value EXP for measuring 
the rise timing of the reference clock DOS, whereas the 
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logical "L' Vale is provided for measuring the fall timing of 
the reference clock DOS. With the expected value EXP of 
the logical “H” value set therein, the gate G1 is enabled and 
monitors whether the output from the Signal readout circuit 
TC4 reverses to the logical “H” value. That is, the expected 
value EXP is used to determine which of the gates G1 and 
G2 to enable, thereby Selecting the output from the Signal 
readout circuit TC4 for detecting the rise timing or from the 
Signal readout circuit TC4' for detecting the fall timing. 
Upon reversal of the output from the Signal readout circuit 

TC4 to the logical “H” value, the output from the gate G1 
also reverses to the logical “H” value, which is provided via 
the OR gate G3 to the mismatch detecting gate G4. The 
mismatch detecting gate G4 is formed, for instance, by an 
exclusive OR circuit, to the one input terminal of which is 
provided the decision result P/F of the comparison/decision 
means PF3 of the immediately preceding Stage. 

Only when the decision result P/F of the preceding-stage 
comparison/decision means PF3 is not the logical “H” value 
and the output from the signal readout circuit TC4 is the 
logical "H" value, the mismatch detecting gate G4 outputs 
the logical “H” value. The output of the logical “H” value is 
input to the converting means 31 in FIG. 6, while at the same 
time it is provided to the next-stage comparison/decision 
means PF5 as well. In the next-stage comparison/decision 
means PF5 the signal readout circuit TC5 connected thereto 
outputs the logical "H" value, but Since the comparison/ 
decision means PF5 is being supplied with the logical “H” 
value from the preceding-stage comparison/decision means 
PF4, the mismatch detecting gate G4 does not output a 
mismatch detection result but instead provides the logical 
“L” value indicating the invalidity of the decision result. 
With Such an arrangement, only that one of the 

comparison/decision means which is Supplied with one of 
the multiphase pulses for the first time after the level of the 
reference clock DQS exceeded the comparison voltage VOH 
set for level comparison outputs the logical “H” value (valid 
P). Incidentally, the mismatch detecting gate G4 of the 
first-stage comparison/decision means PF1 is Supplied with 
the logical "L' value as the preceding-stage decision result. 
Consequently, when the Signal readout circuit TC1 con 
nected thereto the logical "H" value, the comparison/ 
decision means PF1 outputs a mismatch detection signal of 
the logical “H” Value, detecting that the reference clock 
DOS has risen up at the beginning of the test cycle TD. 
The phase number converting means 31 in FIG. 6 reads 

therein the outputs from the comparison/decision means 
PF1, PF2, PF3, ..., and converts the number corresponding 
to the phase number of the comparison/decision means that 
provided the “valid P’ output to data of the smallest possible 
number of bits. That is, in this embodiment the phase 
number converting means 31 outputs data indicating the 
phase numbers of the multiphase pulses that caused the 
outputs from the signal readout circuits to make “valid P” 
the pass/fail results of the comparison/decision means PF1, 
PF2, PF3, . . . . 

FIG. 10 shows a conversion algorithm of the converting 
means 31. It is desirable the numbers of signal readout 
circuits TC and comparison/decision means PF be large 
enough to Set the Strobe pulse interval that provides the 
accuracy of measurement which Sufficiently meets the Speci 
fications of the device under test. This example is shown to 
have eight comparison/decision means PF1 to PF8. In the 
broken-lined frame in FIG. 10 there are shown the output 
states (the “valid P” output being indicated by 1 and the 
“invalid F" output by 0) of the comparison/decision means 
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PF1 to PF8 when each of them provides the “valid P” output. 
For example, when the comparison/decision means PF8 
yields the “valid P’ output, the other comparison/decision 
means PF7 to PF1 all output “0s” as shown in the column 
PF8. Similarly, when the comparison/decision means PF7 
yields the “valid P’ output, the other comparison/decision 
means PF8 and PF6 to PF1 all output “0s” as shown in the 
column PF7. When any one of the eight comparison/ 
decision means PF8 to PF1 outputs the logical “H” value, 
the position of “1” in the “0, 1' column of the outputs from 
the comparison/decision means PF8 to PF1 is represented by 
one of numerical values 1 to 8, then a number “1” is 
Subtracted from that numerical value, and the Subtracted 
value is converted to a corresponding one of eight pieces of 
numeric data D0 to D7 which are four-bit in the illustrated 
example. The pieces of four-bit numeric data D0 to D7 can 
be handled as the numbers representing the phase Sequence 
of the multiphase pulses P1 to P8. With the use of four bits, 
the outputs from the eight comparison/decision means PF1 
to PF8 can be converted to 16 phase numbers 0 to 15, which 
are Stored in the memory 32. In practice, four-bit registers 
are connected to the outputs of the comparison/decision 
means PF1 to PF8 and the eight pieces of numeric data D0 
to D8 are prestored in the registers so that the four-bit 
numeric data is read out of the register connected to that one 
of the comparison/decision means PF1 to PF8 which output 
the logical “H” value. 
The comparison/decision means 50 and the phase number 

converting means 31 constitute phase number output means 
110 that reads thereinto the output from the signal readout 
circuit 40 and outputs the phase number of the strobe pulse 
immediately following the point of change (rise or fall) of 
the reference clock DOS. 
By converting the decision result of, for instance, eight 

bits to the four-bit phase number data as mentioned above, 
the Storage capacity of the memory 32 can be reduced. It is 
also possible to employ Such an arrangement as depicted in 
FIG. 21 in which the output (eight-bit in the FIG. 10 
example) from the Signal readout circuit 40 is stored in the 
memory 32 and the output of the signal readout circuit 40 
read out of the memory 32 is converted by the phase number 
output means 110 to the corresponding phase number. In this 
instance, however, the Storage capacity of the memory 32 
needs to be larger than in the case of FIG. 6. 

In the embodiment of FIG. 6, X and Y addresses to be 
provided to the semiconductor device DUT from the pattern 
generator 14 are converted by an address converter 35 to 
adequate addresses (Suitable for the application to the 
memory 32), and each measured value is stored in the 
memory 32 at an address corresponding to the address to be 
fed to the semiconductor device DUT. Accordingly, the 
memory 32 is assumed to have the entire address Space 
corresponding to the addresses of the Semiconductor device 
DUT that are to be tested, that is, the addresses to be tested. 
The memory 32 may also be provided utilizing an unused 
Storage area of a memory employed for a different purpose. 

Prior to testing the semiconductor device DUT, writing 
and reading to and from all of its addresses are carried out, 
then the rise and fall timing of the reference clock DOS, 
which is output during the reading, is measured for each 
address provided to the device DUT, and the phase numbers 
of the multiphase pulses obtained as the measurement results 
are stored in the memory 32. For the measurement of the fall 
timing of the reference clock DOS, the route composed of 
the voltage comparator CP2, the signal readout circuit TC4 
and the gates G2, G3 and G4 is enabled by providing the 
logical “L” value as the expected value EXP to the gates G1 
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and G2 in FIG. 9. As will be understood from the description 
given previously in respect of FIG. 8, the fall timing of the 
reference clock DQS is provided as the corresponding phase 
number data. 

The rise and fall timing of the reference clock DQS is 
measured as referred to above and the measured results are 
written in the memory 32, followed by testing the semicon 
ductor device DUT. 

In the testing of the semiconductor device DUT, an 
address contained in the test pattern generated by the pattern 
generator 14 in FIG. 6 is provided to the device DUT and 
data is read out of its corresponding address, while at the 
same time the measurement results (the phase numbers of 
the multiphase pulses) corresponding to the rise and fall 
timing of the reference clock DQS output from that address 
when an acceSS was made thereto previously are read out of 
the memory 32. The thus read-out measurement result is fed 
to the timing selector 33, which selects the timing for the 
application of the strobe pulse STB to the signal readout 
circuit 11 for reading the data that is read out of the device 
DUT. 

FIG. 11 depicts the general outlines of the timing Selector 
33 in FIG. 6. The timing selector 33 comprises a timing 
memory 33A in which there are stored the values of timing 
for generation of the strobe pulse STB, and a selector 33B 
that Selects any one of the generation timing values in the 
timing memory 33A in accordance with the measurement 
result read out of the memory 32. 

In the timing memory 33A there are stored 16 kinds of 
time values such as 200 PS, 300 PS, 400 PS, 500 PS, ... The 
time values each correspond to the time relative to the initial 
phase position of the test cycle TD, and indicate the mea 
sured rise or fall timing of the reference clock DQS. The 
timing indicated by this time value is used as the reference 
phase position for measuring each of the time intervals dI1, 
dI2, dI3, ... between it and the points of change of data. One 
of the time values is Selected according to the measurement 
result read in the memory 32, and the Selected time value is 
input to the Strobe generator 34. 

In the strobe generator 34 the time (an intended value) to 
the point of change of data to be read out of the device DUT 
is added to or Subtracted from the time value fed from the 
timing Selector 33. The Strobe pulse generator 34 generates 
the strobe pulse STB at the timing thus calculated, and 
applies it to the signal readout circuit 11 (FIG. 6) to cause it 
to read the data read out of the device DUT, making a check 
to See if the point of change of data is actually present at the 
timing of the strobe pulse STB. 

That is, a designer of the Semiconductor device grasps in 
advance, as a design value, the time interval between the rise 
or fall timing of the reference clock DQS and the point of 
change of the data that is read out of the Semiconductor 
device. Accordingly, if the rise and fall timing of the 
reference clock DQS is premeasured and hence made 
known, an accurate test can be achieved by making a check 
for the presence of the point of change of data in a prede 
termined range of time based on the known fall and rise 
timing of the reference clock DQS. 

While the above embodiment has been described to 
measure the rise or fall timing of the reference clock DQS 
for every address of the Semiconductor device under test, the 
present invention is applicable as well to the case of testing 
the Semiconductor device, taking into account gradual varia 
tions in the rise or fall timing of the reference clock DQS 
which are caused, for example, by a temperature rise of the 
Semiconductor device due to an extended period of its 
operation. 
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In this instance, as indicated by the broken lines in FIG. 

6, a cycle counter 36 is provided to count cycle numbers of 
the test pattern generated by the pattern generator 14. The 
count value of the cycle counter 34, which indicates the 
current cycle of the test pattern, is converted by an address 
converter 35 to an address Signal for access to the memory 
32. 

Prior to the test, in every readout mode during the 
generation of all test patterns the rise or fall timing of each 
reference clock, which is output from the Semiconductor 
device under test is measured in the same manner as 
described previously, and the measured results are Stored in 
the memory 32. The test is Started after measuring the rise 
or fall timing of the reference clock DOS for every test 
pattern. In the test the measured result on the rise or fall 
timing of the reference clock DQS is read out of the memory 
32 and is used to determine the generation timing of the 
strobe pulse STB for reading the data that is read out of the 
device under test. Thus, even if the timing of the reference 
clock DQS gradually varies with the lapse of time, the data 
readout timing also varies correspondingly, So that it is 
possible to conduct the test taking into account the jitter o 
drift of the rise or fall of the reference clock DOS that is 
caused by a temperature rise of the device under test. 

FIG. 12 illustrates in block form a modified form of the 
multiphase pulse generator 30. In this embodiment delay 
elements DY1, DY2, DY3, . . . which have the same but 
short delay time as of 100 PS (picoseconds) are connected 
in cascade So that slightly phased-apart multiphase pulses 
are provided from between the Stages of the cascade 
connected delay elements DY1, DY2, DY3, . . . . 
AS described above, according to the present invention, 

for each test cycle the phase of the point of change of the 
reference clock is measured for every address to be tested 
and is prestored in the memory 32, and in each test cycle the 
phase difference between the rise or fall timing of the 
reference clock and the point of change of the output data 
from the device under test is determined based on the phase 
read out of the memory 32-this ensures correctly testing 
the Semiconductor device and excludes the possibility of 
rejecting a nondefective or normal Semiconductor device as 
being defective. 

Moreover, according to the present invention, Since the 
rise or fall timing of the reference clock DQS is measured in 
one test cycle by using the multiphase pulses P1, P2, P3, P4, 
P5, ... and P1, P2, P3', P4, P5', . . . depicted in FIGS. 7 
and 8, it can be measured in a far shorter time than in the 
past. As a result, the Semiconductor device of this kind can 
be tested in a short time and with high accuracy, and the 
operational efficiency of the testing apparatus can be 
increased accordingly. 

Furthermore, Since the measurement results on the rise or 
fall timing of the reference clock are converted to the phase 
numbers of the multiphase pulses, the number of bits of data 
can be made Small. This permits reduction of the Storage 
capacity of the memory 32, keeping extra costs for the 
addition of this circuit down to a minimum. 

Next, a description will be given, with reference to FIG. 
13, of a second embodiment of the present invention that 
permits further reduction of the time for test. In FIG. 13 the 
parts corresponding to those in FIG. 6 are identified by the 
Same reference numerals. In this embodiment the pieces of 
data D0, D1, . . . output from the semiconductor device 
under test are level-compared with the reference clock DQS 
by level comparators 10D, 10D, . . . and 10R, respectively. 
The comparison results are provided to Signal readout cir 
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cuits 40D, 40D, ... and 40R, and the rise or fall time of all 
the pieces of data D0, D1, ... as well as the rise or fall time 
of the reference clock DQS are measured by the strobe 
pulses STB formed by the multiphase pulses generated by 
the multiphase generator 30. The level comparators 10D and 
10R, the signal readout circuit 40D and 40R, and the 
comparison/decision means 50D and 50R are identical in 
construction with the level comparator 10, the Signal readout 
circuit 40 and the comparison/decision part 50 in FIG. 6, 
respectively. This embodiment will be described in connec 
tion with the case of detecting the rise timing of the 
reference clock DOS and the data D0, D1, ... as described 
previously with respect to FIG. 7. 

The outputs from the signal readout circuits 40D and 40R 
are fed to the comparison/decision means 50D and 50R, 
which decide the phases of those of the multiphase pulses 
that immediately followed the rises of the pieces of data D0, 
D1, . . . and all reference clock pulses DOS. 
The comparison/decision means 50D and 50R perform 

the same deciding operation as described previously in 
respect of FIG. 9. That is, only the comparison/decision 
means PF, which corresponds to the phase of the strobe pulse 
that immediately followed the rise of the data from the 
device under test or reference clock, outputs the logical “H” 
value 1, and the other comparison/decision means PF all 
output the logical “L” value 0. 
Upon decision of the phases of the Strobe pulses that 

immediately followed the rise of the pieces of data D0, D1, 
... and the reference clock pulses DOS, the comparison/ 

decision means 50D and 50R provide the decision results to 
data phase number converting means 31D and reference 
phase number converting means 31R, by which the positions 
of 1S in the decision results are converted to a data phase 
number DNO and a reference phase number RNO, respec 
tively. 

FIG. 14 shows the conversion algorithm of the phase 
number converting means 31 D (31R), which is about the 
same as the algorithm depicted in FIG. 10. In FIG. 14, 
however, the numerical value indicating the position of “1” 
in the 0, 1 column of the outputs from the comparison/ 
decision means PF1 to PF8 is converted to a corresponding 
one of the pieces of numeric data F1 to F8 without being 
Subtracted by 1, and the converted numeric data is output as 
the data phase number DNO. Similarly, the reference phase 
number converting means 31R also converts the numerical 
value indicating the position of “1” in the 1, 0 column of the 
outputs from the comparison/decision means 50R to the 
corresponding numeric data and outputs it as the reference 
phase number RNO. This can be done by using such an 
arrangement as referred to previously with reference to FIG. 
10; that is, a register in which there are Stored the phase 
numbers corresponding to the respective pieces of numeric 
data F1, F2, . . . is connected to the output Side of each of 
the comparison/decision means for the output data PF and 
the comparison/decision means for the reference clock PF, 
and the phase number is output from the register connected 
to the comparison/decision means PF having output the 
logical value 1. 

The data phase number DNO converted by the data phase 
number converting means 31D and the reference phase 
number RNO by the reference phase number converting 
means represent the phases that define the rise timing of each 
of the pieces of data D0, D2, D3, . . . and the rise timing of 
the reference clock DQS. These phase numbers DNO, . . . 
and RNO are phase-compared by phase comparison parts 
60. 
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FIG. 15 depicts a concrete example of the phase com 

parison part 60, which is formed by a digital subtractor and 
in which the data phase number DNO is input to a plus input 
terminal of the Subtractor and the reference phase number 
RNO to its minus input terminal. 

Accordingly, for example, when the data phase number 
DNO is “6” and the reference phase number RNO is “3” as 
shown in FIG. 16, the phase comparison part 60 outputs 
X=6-3=3. Thus the phase difference d1 between the leading 
edges of a data waveform 101 and a reference clock wave 
form 102 is obtained. In FIG. 16 there are depicted 0, 1 
arrays of decision outputs corresponding to the data phase 
number DNO=6 and the reference phase number RNO=3, 
respectively; the arrays are equivalent to the columns in FIG. 
14 corresponding to them. 
When the data phase number DNO is “3” and the refer 

ence phase number RNO is “7” as shown in FIG. 17, the 
phase comparison part 60 outputs X=3-7=-4. 

FIG. 18 depicts, by way of example, pass/fail decision 
means 70 and Spec Setting means 71. The Spec Setting means 
71 comprises registers REG1 and REG2, in which a user sets 
Spec values that meet the Specifications of the Semiconductor 
device under test. In this example, the registerS REG1 and 
REG2 are shown to have set therein “5” and “0” respec 
tively. 
The pass/fail decision means 70 is formed, in this 

example, by two subtractors U1 and U2, two encoders E1 
and W2, and an OR gate OR. The output X from the phase 
comparison part 60 is provided to a minus input terminal of 
the subtractor U1 and a plus input terminal of the subtractor 
U2; the value “5” Set in the register REG1 of the Spec setting 
means 71 is provided to a plus input terminal of the 
subtractor U1; and the value “0” set in the register REG2 is 
provided to a minus input terminal of the subtractor U2. 
The encoders E1 and E2 output a logical value 0 or 1, 

depending on whether the outputs from the subtractors U1 
and U2 are plus or minus. 
The OR gate OR calculates the logical OR of the outputs 

from the encoderS E1 and E2, and outputs a pass/fail result 
PASS/FAIL. The device under test is decided to be nonde 
fective or defective, depending on whether the output from 
the OR gate OR is 1 or 0. 

Accordingly, in the case of FIG. 16, since X=3, the output 
from the subtractor U1 is 5-(-4)=9 and the output from the 
subtractor U2 is 3-0=3; so that the outputs from the encod 
ers E1 and E2 are both 0s, and the OR gate OR outputs 
PASS. 

On the other hand, in the case of FIG. 17, since X=-4, the 
output from the subtractor U1 is 5-(-4)=9 and the output 
from the subtractor U2 is -4-0=-4, so that the output from 
the encoder E1 is 0 but the output from the encoder E2 is 1, 
and the decision output from the OR gate OR is 1, that is, 
FAIL 

That is, this example is Set Such that the device under test 
is decided as being defective when the phase of the reference 
clock DQS lags behind the phase of the phase of the data 
output from the device under test. The phase comparison 
parts 60 and the pass/fail decision means 70 constitute a 
pass/fail result output part 120. 
The decision output from each pass/fail decision means 

70 varies with the value that is set in the spec setting means 
71, but the decision output is modified according to the 
user's requirements. 

FIG. 19 illustrates in block form a third embodiment of 
the present invention. In this embodiment a reference table 
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80 formed by a memory is provided, as the pass/fail result 
output part 120, at the Stage following each data phase 
number converting means 31D so that the pass/fail result 
PASS/FAIL is output directly from the reference table 80. 

In this example, the reference phase number RNO is input 
to the X-address of the memory forming each reference table 
80 and the data phase number DNO is input to the Y-address 
of the memory corresponding to the data phase number 
converting means 31D from which the data phase number 
DNO is output. 

FIG. 20A is a table showing values of the differences 
between the data phase numbers DNO and the reference 
phase numbers RNO. When the user intends to decide that 
the values from -2 to +2 indicate PASS, P(=0) representing 
PASS is stored in memory cells of the reference table 80 
where the values are in the range of -2 to +2 and F (=1) 
representing FAIL is Stored in the other memory cells as 
depicted in FIG. 20B. 

By applying the reference phase number RNO to the 
X-address and the data phase number DNO to the Y-address, 
P(=0) is read out of the reference table 80 for the phase 
differences within the range of -2 to +2, and for the other 
phase differences F (=1) is read out. Thus the device under 
test is evaluated on the pass/fail basis. In this case, it is also 
possible to use only one reference table 80 adapted to Switch 
for each data phase number DNO. 

The phase number output means 110 in FIG. 16 (110D 
and 110R in FIGS. 13 and 19) may also have such a 
configuration as depicted in FIG. 22. That is, the output of 
eight bits, for instance) from the signal readout circuit 40 is 
used as an address to access a table memory 130 to read out 
thereof any one the pieces of data D0 to D7 (F1 to F8 in FIG. 
14) as the phase number. 
AS described above, according to another aspect of the 

present invention, the Semiconductor device under test can 
be tested for normal operation, by measuring in real time the 
phase difference (time difference) between the point of 
change of the reference clock and the point of change of 
each piece of data, and by deciding whether the phase 
difference is within a predetermined range, or whether the 
point of change of the device output data is before or after 
the point of change of the reference clock. The test involves 
only one round of generation of test patterns. Hence, the test 
can be completed in a shorter time than in the past. 

Moreover, by Storing the output values of the phase 
comparison parts 60 in memories during the test, it is also 
possible to analyze fluctuations or jitter of the phase differ 
ences between the device output data and the reference 
clock. 

It will be apparent that many modifications and variations 
may be effected without departing from the Scope of the 
novel concepts of the present invention. 
What is claimed is: 
1. A Semiconductor device testing method which evalu 

ates a Semiconductor device under test by obtaining the 
phase differences between points of change of data output 
from Said Semiconductor device under test and points of 
change of reference clock output in Synchronization with 
Said output data, Said method comprising the Steps of: 

generating multiphase Strobe pulses phased apart one after 
another with respect to a predetermined phase position 
of each test cycle; 

Sampling Said reference clock by using Said multiphase 
Strobe pulses to obtain Sampled outputs, and 

detecting the phases of the points of change of Said 
reference clock from Said Sampled outputs. 
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2. The method of claim 1, further comprising the Steps of: 
converting the phases of the points of change of Said 

detected reference clock to phase numbers of Said 
multiphase pulses and Storing Said phase numbers in a 
memory; and 

obtaining Said phase differences by reading out the phase 
numbers Stored in Said memory. 

3. The method of claim 2, wherein: the detection of the 
phases of the points of change of Said reference clock and 
the conversion of Said phases to the corresponding phase 
numbers are performed for all addresses of Said Semicon 
ductor device under test, the converted phase numbers are 
Stored in Said memory in addresses corresponding to those 
of Said Semiconductor device under test, and Said phase 
differences are obtained by reading out Said phase numbers 
from Said memory at the addresses corresponding the 
address signals that are applied to Said Semiconductor device 
under test. 

4. The method of claim 2, wherein the detection of the 
phases of the points of change of Said each reference clock 
and the conversion of Said phases to the corresponding phase 
numbers are performed in the order of generation of test 
patterns that are applied to Said Semiconductor device under 
test; Said phase numbers are Stored in Said memory at 
addresses indicating Said order of generation of Said test 
patterns, and Said phase differences are obtained by reading 
out Said phase numbers from Said memory at addresses 
indicating the order of generation of Said test patterns that 
are applied to Said Semiconductor device under test. 

5. The method of claim 2, wherein strobe pulses are 
generated at timing preset corresponding to the phase num 
berS read out of Said memory; and Said phase differences are 
obtained by reading out logical values of Said output data 
from Said Semiconductor device under test at the timing of 
Said Strobe pulses. 

6. The method of claim 1, further comprising the steps of: 
Storing the phases of the points of change of Said detected 

reference clock in a memory; 
obtaining Said phase differences by reading out the phases 

of the points of change of Said reference clock Stored in 
Said memory; and 

converting Said read-out phases of the points of change to 
the phase numbers of Said multiphase pulses. 

7. The method of claim 1, further comprising the steps of: 
Sampling the output data of Said device under test by Said 

multiphase Strobe pulses; 
detecting the phases of the points of change of Said output 

data from Said Sampled outputs, and 
measuring the phase differences between the phases of the 

points of change of Said detected reference clock and 
the phases of the points of change of Said device output 
data. 

8. The method of claim 7, further comprising the steps of: 
converting the phases of the points of change of Said 

detected reference clock and the phases of the points of 
change of Said detected device output to the phase 
numbers of Said multiphase pulses; 

obtaining the differences between Said converted phase 
numbers of Said reference clock and Said converted 
phase numbers of Said device output data; and 

making a check to determine if the values of Said differ 
ences each fall within a predetermined range. 

9. The method of claim 7, further comprising the steps of: 
converting the phases of the points of change of Said 

detected reference clock and the phases of the points of 
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change of Said detected device output to the phase 
numbers of Said multiphase pulses, and 

accessing a reference table by Said converted phase num 
bers of Said reference clock and Said device output data 
to read out thereof pass/fail results on Said device under 
teSt. 

10. A semiconductor device testing method which evalu 
ates a Semiconductor device under test by obtaining the 
phase differences between points of change of data output 
from Said Semiconductor device under test and points of 
change of reference clock output in Synchronization with 
Said output data, Said method comprising the Steps of: 

premeasuring, for each test cycle, the phases of the points 
of changes of Said reference clock and Storing Said 
premeasured phases in a memory at addresses corre 
sponding to Said each test cycle; and 

obtaining, for each test cycle, Said phase differences by 
reading out the phases from Said memory at the 
addresses corresponding to Said each test cycle to 
determine a reference phase for Said evaluation. 

11. A Semiconductor device testing apparatus which 
evaluates a Semiconductor device under test by obtaining the 
phase differences between points of change of data output 
from Said Semiconductor device under test and points of 
change of a reference clock output from Said Semiconductor 
device under test in Synchronization with Said output data, 
Said apparatus comprising: 

a multiphase pulse generator for generating phased-apart 
multiphase Strobe pulses; 

a plurality of reference Signal readout circuits each for 
Sampling Said reference clock by a different one of Said 
multiphase Strobe pulses; and 

reference phase number output means Supplied with the 
outputs from Said plurality of reference Signal readout 
circuits, for outputting the phase numbers of Said 
multiphase Strobe pulses immediately following the 
points of change of Said reference clock as the phases 
of the points of change of Said reference clock. 

12. The apparatus of claim 11, further comprising: 
a data readout circuit for reading out the logical value of 

the output data from Said Semiconductor device at the 
timing of application of a Strobe pulse to Said data 
readout circuit; 

a memory for Storing the phase numbers from Said 
reference phase number output means at addresses 
corresponding to addresses of Said Semiconductor 
device under test; 

a timing Selector for Selecting predetermined Strobe pulse 
generation timing according to the phase number read 
out of Said memory at the address corresponding to an 
address applied to Said Semiconductor device under 
test; and 

a Strobe generator for generating Said Strobe pulse for 
application to Said data readout circuit according to the 
timing value Selected by Said timing Selector. 

13. The apparatus of claim 11, further comprising: 
a data readout circuit for reading out the logical value of 

the output data from Said Semiconductor device at the 
timing of application of a Strobe pulse to Said data 
readout circuit; 

a memory for Storing the phase numbers from Said 
reference phase number output means at addresses 
corresponding to addresses of Said Semiconductor 
device under test; 

a timing Selector for Selecting predetermined Strobe pulse 
generation timing according to the phase number read 
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Out of Said memory at the address corresponding to an 
address applied to Said Semiconductor device under 
test; and 

a Strobe generator for generating Said Strobe pulse for 
application to Said data readout circuit based on the 
timing value Selected by Said timing Selector. 

14. The apparatus of claim 11, wherein Said multiphase 
pulse generator is formed by a plurality of delay elements 
which have Slightly different delay times and are connected 
at one end to form a pulse input terminal, each of the other 
ends of Said plurality of delay elements Serving as an output 
terminal for one of Said multiphase Strobe pulses. 

15. The apparatus of claim 11, wherein said multiphase 
pulse generator is formed by a cascade connection of delay 
elements of the same delay time, one end of Said cascade 
connection Serving as a pulse input terminal and each of the 
connection points of Said delay elements as an output 
terminal for one of Said multiphase Strobe pulses. 

16. The apparatus of claim 11, wherein Said reference 
phase number output means comprises: 

a plurality of comparison/decision means which are each 
Supplied with the output from one of Said plurality of 
reference Signal readout circuits, and are each made to 
correspond to the phase number of Said Strobe pulse 
that is applied to Said one reference Signal readout 
circuit whose output is provided to Said each 
comparison/decision means, Said each comparison/ 
decision means comprising Said output from Said one 
reference Signal readout circuit and the output from that 
one of Said comparison/decision means whose phase 
number is lower than the phase number of said strobe 
pulse by one and outputting an invalidity signal or 
invalidity Signal, depending on whether a mismatch is 
found between Said compared outputs, and 

a phase number converter Supplied with the outputs from 
Said comparison/decision means, for Outputting the 
phase number of that one of Said comparison/decision 
means that output Said validity signal. 

17. The apparatus of claim 16, wherein said reference 
Signal readout circuits are that for the rising transition point 
of Said reference clock and that for the falling transition 
point of Said reference clock, and Said each comparison/ 
decision means has a circuit for Switching between the input 
from Said reference Signal readout circuit for the rising 
transition point and the input from Said reference Signal 
readout circuit for the falling transition point. 

18. The apparatus of claim 11, wherein said reference 
phase number output means is a table memory which is 
Supplied with the outputs from Said reference Signal readout 
circuits as addresses and outputs the phase numbers of Said 
multiphase Strobe pulses. 

19. The apparatus of claim 11, further comprising: 
a data readout circuit for reading out the logical value of 

the output data from Said Semiconductor device under 
test at the timing of application of the Strobe pulse to 
Said data readout circuit; 

a memory for Storing the outputs from Said reference 
readout circuits at Specified addresses; 

a phase number output means to which, upon application 
of a lest pattern to Said Semiconductor device under 
test, is input data read out from Said memory at the 
address corresponding to the address where Said data 
was Stored and which outputs the phase number of Said 
Strobe pulse immediately following the point of change 
of Said reference clock as the phase of the point of 
change of Said reference clock; 
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a timing Selector or Selecting a predetermined Strobe pulse 
generation timing value according to the phase number 
output from Said phase number output means, and 

a Strobe generator for generating the Strobe pulse for 
application to Said data readout circuit according to Said 
timing value Selected by Said timing Selector. 

20. The apparatus of claim 11, further comprising: 
plural data Signal readout circuit group, each consisting of 

plural data readout circuits each for Sampling the output 
data from Said Semiconductor device under test by a 
different one of Said Strobe pulses; 

plural data phase number output means which are Sup 
plied with the outputs from Said data Signal readout 
circuits of Said plural data Signal readout circuit groups 
and output the phase numbers of the Strobe pulses 
immediately following the points of change of the 
output data from Said Semiconductor under test; and 

a pass/fail results output part which is Supplied with the 
phase numbers from Said plural data phase number 
output means and the phase number from Said reference 
phase number output means and outputs pass/fail 
results on the decision whether the phase differences 
between the points of changes of Said output data and 
Said reference clock falls within a predetermined range. 

21. The apparatus of claim 20, wherein said pass/fail 
results output part comprises: 

plural phase comparison parts for detecting the phase 
number from Said reference phase number output 
means and each of the phase numbers from Said plural 
data phase number output means, and 

pass/fail decision means for deciding whether the phase 
differences from Said phase comparison parts fall 
within a predetermined range. 

22. The apparatus of claim 20, wherein Said pass/fail 
results output part comprises a plurality of reference tables 
which are Supplied, at the one address, with the phase 
number from Said reference phase number output means 
and, at the other address, with the phase number from each 
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of Said plural data phase number output means which output 
pass/fail results, respectively. 

23. The apparatus of claim 20, wherein: Said data Signal 
readout circuits are Said reference signal readout circuits are 
that for the rising transition point of Said reference clock and 
that for the falling transition point of Said reference clock; 
Said plurality of data phase number output means each 
comprises: 

a plurality of comparison/decision means which are pro 
vided for each of Said plural data Signal readout circuit 
group and Supplied with the output from Said plural 
data Signal readout circuits of Said each group end each 
of which has a circuit responsive to an expected value 
to Switch its input between the data readout circuit for 
the rising transition point of Said output data and the 
data readout circuit for the falling transition point of 
Said output data, Said each comparison/decision means 
being made to correspond to the phase number of Said 
Strobe pulse that is applied to that one of Said reference 
Signal readout circuits whose output is provided to Said 
each comparison/decision means and Said each 
comparison/decision means comparing Said output 
from Said one data Signal readout circuit and the output 
from that one of Said comparison/decision means 
whose phase number is lower than the phase number of 
Said Strobe pulse by one and outputting an invalidity 
Signal or invalidity Signal, depending on whether a 
mismatch is found between Said compared outputs, and 

a phase number converter Supplied with the outputs from 
Said comparison/decision means, for Outputting the 
phase number of that one of Said comparison/decision 
means that output said validity signal. 

24. The apparatus of claim 20, wherein Said each data 
phase number output means is a table memory which is 
Supplied with the outputs from Said plural data Signal 
readout circuits of the corresponding group as addresses and 
outputs the phase numbers of Said multiphase Strobe pulses. 
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